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I AMSTAACT 


Title cf Thesis : An Investigation of Total Detonation 
Operation of a Carburetor-sSupplied 
Internal Combustion “mgine. 


Yames of Authors: Relph FE, Barnara 
Frank Gillilend 


Submitted to the renartment of Naval Architecture and 
HNarine Fneineering on May 15, 1952, in partial fulrill- 
ment of the requirements for the cegree of Vaval Engineer. 
fhe authors have carried out an investigatisn of the 
operation of @ single-cylinder CFK engine ewmloying the 
total detonétion eycle, In this cyeie, constant volume 
bxibustion is realizec When the very rania compuetion 
Scourge at top eed o@nter in the €ngint cycle. By virvue 
OF thas fact tne Cycle yermits greater crclic eli iciency 
than the conventional epark ignition engine wherein tire 
combustion occurs over a considerable portion of the 
engine cycle. Norcal heptane reterence fuel waving an 
eetane rating of O was used throughout the study. A pnoto- 
mailtinlier tube was used to measure the position in the 
engine cycle of the various events in tne cetonation phe- 
nomena. This was acconplisheda by lonking into the com 
bus tion chamber through a@ guartz window Inatailed in « 
Spark piug recess. The otitput of the photo-multipiter 
tabs ~lottec ageinet crank ancle shows warké¢d Similarity 
to tne préssure-crank angle clawra:n of tre engine operating 
on this eyvele. Ne electrical ignition systen wes used to 


initiate combustion--this bcing accomplisneu by raising 
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the compression ratio until the mixture autoignited. 

The major part of the data was taken with atmospheric 
inlet and exhaust pressures and an inlet fuel-air charge 
temperature of 170F. The compression ratio of the engine 
was varied from 6.0 to 8.5 and the speed of operation from 
900 to 1500 rpm. It was found thet the duration of the 
preflame reaction(the cool flame occurring just prior to 
the explosion of the fuel-air charge) and the crank angle 
at which it occurred in the cycle did not perceptibly affect 
the point of autoignition. The point of autolgnition was 
found to be mainly a function of the inlet temperature and 
the compression ratio. The cyele shows hizh efficiencies 
over a considerable speed range, but a limited flexibility 
with regard to reduced inlet pressures; hence, practical 
engine application would at present be limited to constant 
load applications. The engine makes a loud knocking sound 
and this may further restrict ite application. The effect 
on engine parts of such operation needs to be investigated. 

fhe thesis is concluded with sussested further studies 
which are deemed necessary in the development of a practical 


engine using this cyele of operation. 


Thesis Supervisor: William A. Leary 
Title $ Ass't, Prof. of Mech. ing. 
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Cambridge, Massachusetts 
15 May 1952 


Professor J. S. Newell 
Secretary of the Faculty 
Hassachusetts Institute of Technolosy 
Cambridze, Massachusetts 
Dear Sir: 

In accordance with the requirements for the 
Degree of Naval Engineer, we submit herewith a thesis 
entitled: "An Investigation of Total Detonation 
Operation of a Carburetor-Supplied Internal Combustion 
Engine." 


Respectfully yours, 
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II INTRODUCTION 


An investigation of the possibilities of operating 
an internal combustion engine on the so-called "total 
detonation cyclo" 1s the subject of this thesis, The total 
detonation cycle is an engine cycle in which, for all 
practical purposes, instantaneous combustion is realized, 
Thermodynamic analysis shows that when the combustion begins 
and is completed during the instant at which the piston is 
at the top of the working stroke, the efficiency and power 
output of an engine aré maximus, In 2 conventional piston 
engine, spark lgnition or diesel, the combustion la pro- 
gressive and requires a considerable period of time, that 
is, by comparison with the speed at which the piston is 
moving, As a result of these tine-consuming burning pro» 
eesses it is impossible for the conventional engines to 
realize the high efficiency inherent in the instantancous 
combustion cycle, or as it is more generally called, the 
"eonstant-volume cycle." The term "eonstant~-voluns" means 
simply thet the combustion ecccurs so rapidly that the piston 
motion may be consicered negligible during the process, and 
hence the volume of the combustion chember is constent, 

Since thie is a new field of investigation and a cone 
sistent nomenclature has not been Geveloved, the following 
terme will be uged to describe the phenomena, Fefer to 


Figure 1 in conjunction with the following definitions. 
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Start of Preflame Keaction. That point in the cycle where 
the first visible raciation is given off from the fuel-air 
mixture, See A, Figure l. 

Duration of Preilame Reaction. The duration of the blue 
fleme or low order light, expressed cither in units of time 
or crank angle, which occurs between the start of the pre- 
flame reaction and the point of autoignition, sonetimes 
callec "“blue-flame reaction" or precombustion reaction, 


This is shown as Zin Fisure l. 





Point of Autoignition. The point in the reaction charac- 
terized by practically instantaneous or constant volune 
combustion. This point (B of Figure 1) is actually a small 
time interval rather than a single instant, but it is 
referred to as a point because of its very small duration. 
it is this extremely rapid combustion which gives rise to 
the shock wave which we hear as a “knock” in an internal 
combustion engine. 

Detonation. The combination of the preflame reaction and 
the point of autolgnition, shown in Figure 1 from A through E. 
Total Detonation. This refers to a process where no spark 
plug or other device is employed specifically to ignite the 
fuel-air charge, eas contrasted with the conventional auto- 
mobile engine or diesel engine where a spark plug or glow 


plug is used. 
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It has been shown (Keforence 2, 3, 5) that chemical 
changes in the fuel-air charge in the cylinder occur during 
the compression stroke of a motorec engine. ‘There is a 
slight increase in cylinder pressure when these so-called 
precombustion or preflame reactions start (Keference 6). 

If the compression ratio is high enough, autoignition or 
rapid constant volume combustion of the charge commences 
with the accompanying audible knock anc high rate of 
cylinder pressure rise. This phenomenon hes been shown 

on pressure-crank angle diagrams obtained by using the 
M.I.T. point by point pressure indicating equipment (Refer- 
ence 6). A typical diagram is shown in Figure 1A. 

A blue light, or as it has been called "cool flame," 
is given off from the fuel-air charge when the preflane 
reaction occurs. It is possible to detect this blue Light 
radiation by using a sensitive photo multiplier tube circuit 
or a pressure-crank angle indicator (Reference 6). However, 
the phototube is superior to the pressure indicator with 
regard to identifying the exact crank angle at which the 
preflame reaction starts. 

References 2, 5, 4, and 5 cover most of the work already 
completed in this field of investigation. Since this is a 
reiatively new approach to the study cf engine cetonation, 


the available literature is quite limited. Active research 
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programs on the subject are now being pursued by the 
National Bureau of Standards and several motor fuel and 
chemical companies. 

This study was made to determine the crank angle 
relations between the incidence of the preflame reaction and 
the point of autoignition, and their effects on the total 
detonation phenomena. With this information operating 
conditions can be regulated so that the point of autoignition 
or constant volume combustion can always be experienced 
when the piston is at top dead center, 

The following is a description of the apparatus used 
to study the total detonation cycle. 

Engine Set-up - Sehematic diagram shown in Figure 7. 

The test engine is a CFR engine located in the Sloan 
Laboratory at M.I.T. A direct current cradle-type dyna- 
mometer was used to record the brake mean effective pressure 
(bmep ) of the engine. a4n ASME square-edged orifice with 
flange taps was used to measure the air flow to the engine. 
see Figure 51 for the air orifice calibration curve. The 
standard type of rotameter wags used to measure the fuel flow. 
The rotameter calivration curve is shown in Figure $2. Ihe 
auxiliary apparatus was conventional. 


Recording Apparatus 


No ignition system was used since the total cetonation 
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cycle is a compression-ignition type of cycle. This conci- 
tion eliminates the spurk plug and pérmits it to be replaced 
by a@ quartz window unit as shown in Figure 7. In this manner 
it is possible to look into the combustion chamber during 
total detonation operation. The radiation in the cylinder 
passes through the quarts window into a lignt-tisht dlackened 
pick=up enclosure made of heavy brass tubing. For details of 
this unit see Figure 3. ‘The spring suspension of this unit 
was designed to eliminate the vibrations set up by the total 
detonation operation in the cylinder, which might excite 

the pick-up enclosure, aA short section of rubber tubing 
connecting the window holder to the pick-up enclosure is 
helpful in this respect and limits the heat transferred fron 
the cylinder wall to the enclosure which houses the phototuhbe. 
This design proved quite successful in eliminating any 
microphonics which are caused by such vibrations. 

A variable negative direct current power supply of about 
one thousand volts maximum potential for the photo-multiplier 
tube circuit is obtained through a series combination of 
67.5 volt batteries. Figure 2 shows the detaiis of the 
photo-multiplier tube electrical circuit. ‘The output of the 
phototube is fed into a bumont 504-H cathodes ray oscillo- 
scope for observation. Figure 5 shows the synchronizing 


signal generator designed to synchronize the cathoce ray 
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oscilloscope with tne engine cycle, 

A phasing device is used to determine the crank angle 
at which the preflame reaction and the point of autoignition 
eccur, This device consists of a set of breaker points 
which can be rotated with respect to a cam on the engines 
erankshaft. ‘The breaker points are placed in the circuit of 
an ignition coil and cause a small neon tube, mounted in a 
rotating disk on the crankshaft, to flash when the breaker 
points are closed, At the sane time electromagnstic radia- 
tion from the spark plug causes a pip to be superinnosed on 
the phototube pattern on the cathode ray oscilloscope. Thus 
by shifting the position of the breaker points with respect 
to the cam the pip can be made to coincide with any event 
in the phototube pattern, The crank angle at which this 
event oecurs can be read from a stationary scale mounted 
at the circumference of the rotating disc containing the 
neon tube, With this arrangement the crank angle at which 
an incident occurs along the phototube output trace on the 
eathode ray oscilloscope screen ¢csn be read within + 1 de- 
gree by matching the spark signal with the point of interest 
and reading the angle on the spark protractor. This accuracy 
is deemed adequate for this investigation. An M,I.T. strip 
camera was used to photograph the total detonation cycle 


events as shown on the oscilloscope screen. All electrical 


tines oalgere ait A/Pe saroeesl fame . 

shee se et Qtkervetes @) leew ef palvae gatendy 4 “ 
ertthe ae a intra ant ow solimaet spe tiene att dole ma. 
ataiee qeuaper Ww tv + Ht000 000 JERPeY CLT RES 
ie es ana mi deeweve SEY treed ge ang SeheE, 
te Cente card ed date oe fhe Vetere! a of eietaony 
ee eee ee ee ee 
emteee! os ety OED tH op narree wl ae LP andortgg, 
codiet dtivenmnovaeete is que cod te jhpuel> rte aPeieg, 
eee eee ee eee 
sot ynopremilakaw gee chrutee tt oy omnrtym ertazornay aA, 
teneres. aii sarcing Seed Gt Ie Als tay we ariihide Ee 
femme Tam Tbh ah ebateg oF cme 6) aan Gog eid ome A OS 
pled doles de Ales Geen AT 5ouetcos where OY A 
dimen See Tesrate # ert kort ot! ee renee VTE 
wet Dacataanons Splh gatiaion gal Ye sacvercmeyts ott 4E 
Cate ke ah ee et Peer 624) ALE te ee 
Mid oq Ree rang a eke AF yen ls Tues aneKIeNT OM 
<00 J 4 pitphbe bow wl mht Abiote aymms (Lome was akcritee 
remem the bahag els be Aualin drags wut ptlintem oF Gee, 
qereunes ola abd aiinsy Magy OE? Ge tue oC pate’ ioe 





























leeds and the power supply unit are shiclded to prevent 


interference signals from distorting the scope trace. 





LIGHT INTENSITY 
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CRANK ANGLE 
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B - “POINT OF AUTOIGNITION 

®- DURATION OF PREFLAME REACTION 
H- DURATION OF RADIATION 


FIGURE 4 
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FIGURE 2. PHOTOTUBE WIRING DIAGRAM 
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FIGURE 3- RADIATION PHOTOTUBE PICKUP ENCLOSURE 
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FIGURE 5. SYNCHRONIZING SIGNAL GENERATOR 
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QUARTZ WINDOW AND HOLDER 
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III PROCEDURE 


In the opinion of the authors, four basic quantitics 


are the governing factors affecting the cetonation phenomena. 


These are: 


1. 


ae 


4. 


The pressure of the fueleair charge in the cylinder 
which is mainly a function of the compression 

ratio and the inlet pressure. 

The temperature of the fuel-air charge in the 
cylinder. This variable is affected by (a) the 
inlet temperature of the charge, (b) the con- 
pression ratio, and (c) the cylinder wall tempera- 
ture. 

Time effects, which are basically dependent upon 
the rate of canpression and are therefore a function 
of the engine speed. 


The chemical composition of the fuel-air charge. 


By consicering the above factors it can be seen that 


in order to make any logical investigation the large number 


of possibie variables must be reduced. For our investi- 


gation the following variables have been regulated under 


various operating conditions in order to keep them constant. 


1. 


ae 


Temperature of the fuel-air charge at the inlet 
to the engine cylincer, f,, 
Temperature of the cooling water leaving the 


cylinder jacket, Ty. 
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5. Temperature of the lubricating oil, Joa” 

4, Inlet pressure of the charge to the cylinder, P,. 

5. Type of fuel; normal heptane reference fuel 

(O octane) was used throughout. 

6, Fuel-air ratio, F; set at 0,08, which is approxi- 

mately the best power ratio. 

7. Pressure in the exhaust manifold, Pe; atmospheric. 

By keeping the above factors constant the pressure, 
temperature, and time effects should, in the main, be 
functions of two variables, the compression ratio and the 
engine speed. Uncer actual engine operation this assump- 
tion agrees with internal combustion engine theory and 
experimental tests. The actual test procedure was based 
on these considerations and carried out in the following 
sequence. For each set of runs the brake reading, start of 
the preflame reaction, the point of autoignition, and the 
duration of the preflame reaction were recorded, This infor- 
mation was obtained by moving the spark signal along the 
phototube output trace on the cathode ray oscilloscope as 
explained in the Introduction, 

Ae The first set of runs, numbers 1 to 7, were made 
at a constant speed of 1100 rpm, The compression ratio 
was varied from 5.5 to 8.5. The other engine operating 
conditions, which were held constant, were oil temperature, 


140F; inlet air temperature, 170F; cylinder jacket cooling 


‘' 


eye? oA DO guitesteeel Ger to eaoteeeqee? 

yt i ete ten a ‘ 

Sou) comeryetes cmfaed Lewwre fee Se meet of 
; ae ae ee = 
ne Aa foe 48 goddess Us-iogt = 4D 
. ouhag comwun fae! mint 
sdeartypemats 551 pe fap Napa * 
wren ad? (tazamew wwoinel erode eid yatgeed gt 
ea AES OES Ne 
= wg Banca pheitatuay owe 6 umolsoow? 
pp Pepa Rat cay 
es cotseudmey Lagreiat atv eeomee ophd 
utnarre (9st faugen OM .phapt igtempnge 
adage ene adn yeti ep. ge 
Bas re ast smut Le Sem (ines WON .scmRNpeR 
Te yee vettanet gamliooy echt 
AS VRIES CSS 
‘ fee Ae and of benlense ser iolign 
 PPURALLIAS WN OIORES WP on fey ReuiuD atetnregy 
| svat ireaieaion a5.ais chee 

















1k 


water temperature, 180F; and fueleair ratio, 0,08, 

B. The next set of runs, numbers & to ll, were made 
at a constant compression ratio of 8.5. The speed of the 
engine was varied from 1000 to 1400 rpm. 

C. In order to study the effect of compression ratio 
and engine speed in more detail, the succeeding set of 
runs (mumbers i2 to 37) were made at the compression ratios 
of 6.0, 6.6, 7.0, and 7.5. For each compression ratio a 


plete set of data, as discussed above, was taken over 





con 
a speed range of 900 to 1500 rpa, 

D. The next set of runs, numbers 38 to 49, were made 
using a constant value of pounds of air per suction stroke, 
Ma/N. This was accomplished by throttling the air flow 
to the engine. <A compression ratio of 6 was used in order 
to compares the results with those of A, ‘This set was con- 
ducted in two sections. Runs 32 to 45 were taken with the 
inlet fuel-air charge temperature at 170F, the same as the 
preceding runs. Runs 44 to 49 were carried out in exactly 
the game manner except that an inlet temperature of 184F 
was used to investigate the effect of the inlet temperature 
on the autoignition of the fuel-air charge. The purpose 
of this set of runs was to investigate the combustion 
efficiency alone, since under these conditions the variation 


of air consumption does not influence the process. 


ae 


vets 
Php A ami A I eG. 
Spat tm ott to tem énen ia 
We = ihe® Dn «1ied @oleseumee — 
ian = Wet of O6OL.vat) epiwer 4 
oe ad Tose 64 cette ~ 
wiles sQ0rds set 
z : a ot eworurt) ears 
Nal nS EP ns Pe a 
, eet vt BaP Bet GOrl gOwd 90: | 
: ress ~evode decevoedf or ,ate4 % tee aeoiguae 
~ = Rirlhest tile GE 
=f : aa 
| geet Go 439 Sen Oe 2 
fe * 
Coviaiiquooee @n5 
well wha oe pehirtoul : ot ne 
vopte af Seer far 6 To bite spies poy 
ateT wt We ewuls GFiy ot lieu eine 
owe mer 460 stem ty “ 
ied @lse wr iscoes bee 
i ene WOVE 6o metewnmend sPeuce Btemite) edet 
pone eh, keltt]e owe tf OF eo 4am wT ~ 
viseses al ise | — 
Pi EO Ss . a a! 
wutenegesd Jobat o> ver — = 
asoywog at ace tS eign 
KOM ais otaRtIyeRN! BE ean sens Lo toe airs 
w= eaettiivas seonT abet Sonie ,aecia wenele lite 
a *20o Sh TeueeD SB kO 
os "eS? Say Ie 





7 
=] «o Jem 1A 
-_ 

- 

° => 





2.2) 


E. To investigate the rlexibility ol the total 
detonation cycle using this fuel, a set of runa (nmaubers 
50 to 54) was made at a compression ratio of 6 and 1000 rpm 
for various inlet pressures. This compression ratio was 
chosen since it seemed most promising in the liyht of a 
practical engine as brousht out vy the foregoing runs. 

To obtain the indicetec mean effective pressure of 
the various runs, the brake meen effective pressure as 
obtained from the dynamometer reedings during detonation 
wes added to the friction mean effective pressure as 
ebtained from the dynamometer readings while motoring the 
engine. 

During representative runs strip pnotorraphs were uade 
of the phototube output trace on the cathoae ray oscillio- 


scope. These are shown in Fisures ¢5 to 25 inclusive. 
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V DISCUSSION vF AMSULTS 


The basic equation or definition of the indicated 


mean effective pressure of an internal combustion engine 


is 
IMer = § @ F ie 4. 778/144 (1) 


where 


: ~ work/cycle . 
—" ~ cylinder disrlacement volune’ (psi) 
S; 


density cf the chayge at the inlet to the 
cylindér: (1b/it”’) 


“ vs ry {ey 
© = volumetric efficiency = 22 bhe cylinger 
inlet to ¢ylinder 
= ed 


Ly 
fuel-air ratio; (lbs fuel/lb. of air) 





Fr} 
j\ 


brs 
if 


heating value of the fuel; (L'TU/pound) 
generally taken at 19,000 


Cc 


indicated cycle efriciency 
778/144 = units conversion factor 

1@ followings discussion is based con this basic caefi- 
nition and an sttempt is made to correlate tne test results 
with the definition. in ali runs, except the two in wnich 
the value of Ma/n (pounds of air/cycle) was held constant, 
the air flow was uallowea to vary with the engine snecas, 
The fuel flow wae varied in order to Keep the iuel-air 
Petvio constant et all tines. in this manne? the product 


FE, 776/144 was bela constant, From tquation (1) it can 


be seen that any variation in whe incicated mean eireetive 
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pressure would then be cue to a variation in the product 
5. 8 ),2 Assuming that the fuel-air charge at the cylinder 
inlet is a perfect gas, the perfect gas law may be used to 


determine the inlet density, 


5° ate (2) 
where 


P, = Pressure at the cylinder inlet; (lbs/ft2) 
R = Gas constant for airs (53.39 ft-lb/lb Fabs) 
fT, = Inlet temperature to the cylinder; (Fabs) 
The inlet pressure and temperature were recorded for 
all tests so that the inlet density was readily computed. 
Internal combustion engine theory defines the volunetric 
efficiency, @, as the density of the charge in the cylinder 
divided by the density of the charge at the cylinder inlet. 


In equation form it is expressed 


e = SWE (3) 
where 
Mea = Mass rate of fliow of air to the cylinder 
in pounds per second 


n Number of suction strokes per second 


i! 


Vad = cylinder displacement volume in cubie feet 
Orifice readings gave the value of Ma, Vad is fixed by 
the cylinder dimensions, and n is merely the revolutions per 
second of the engine divided by 2 for the 4-stroke engine 
used, A plot of the volumetric efficiency against speed is 


given in Figure 20, A shrouded inlet valve was used for all 
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runs, Prom these considerations and Equation (1) it 

was possible to determine tne indicated cycle efficiency 
of the total detonation cycle under various engine 
epsrating conditions, HKearrangement of Equation (1) 


shows this mathematically as 


a 

ti = Sor ya (4) 
Pigure 21 is a plot of the indicated eycle efficiency for 
various operating conditions, 

By definition the friction mean effective pressure is 
equal to the indicated mean effective pressure minus the 
brake mean effective pressure, Ags Cciseussed in chapter 
XI of Reference (1) the practice of using the brake reading 
of the motored engine to obtain the friction sean effcetive 
pressure gives results which are of the order of 1 5% aceu- 
rate. This has an overall effect on the value of the 
indicated mean effeetive pressure of sbout£i%. In the 
absence of pressure indicator sards this is our best esti- 
mate of the encine friction under running conditions. 

Internal combustion engine theory and prectice assune 
that the motoring friction readings are a fair indication 
of the magnitudes involved. It ig felt, therefcre, that 
the values of indicated mean effoetive pressure thus cdeé- 
rived are accurate to within t1,8%. 

The indisated efrieicney 18 a cirect measure of the 


éfiicieney of the combustion process in the cylinder. 
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The following discussion is designed to correlate the 

indicated cycle efficiency(Figure 21) with the data on 

the preflame reaction and autoignition phenomena shown in 

the results in Figures 16 through 18. Figures 16 through 

18 are cross plots of Figures 8 through 15, presenting an 

integrated picture of results of various test runs. In- 

terpretation of the test results are made in two sections, 

Section 1 treats the results from a combustion viewroint 

and section 2 diseusses the rossibilities of using the 

total detonation cycie as a practical engine cycle. 

Seetion la. Engine operation under full throttle conditions. 
Figure 17 shows that increasing the spced and increasing 

the compression ratio cause the preflame reaction to oecur 

@arlier in the erycle. From Figure 18 it can be seen that 

as the compression ratio is increased the duration of the 

preflame reaction, in crank ansle desrees, tends to decrease 

for a given speed. However, for a given oompression ratio, 

the duration of preflame reaction in crank angle degrees 

inereases with increasing speed. The effect of the vari- 

ation in the start of the preflame reaction and its cue 

ration upon the point of autoignition ils shown in Figure 

16. It is interesting to note that the point of autoignition 

in the eycle for a given compression ratio is practically 

constant in view of the variations in the start of the 


prefiame reaction and its duration mentionea above, 
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Figure 16 indicates that the engine speed, start of pre- 
flame reaction, and its auration Go not measurably affect 
the point of autoignition. However, the compression ratio 
has a noticeable eifect, cuusing the point of autoignition 
to oceur sarlier in the cycle as the compression ratio is 
increased. The results of the varlation in the point of 
autoignition on the indicated mean effective pressure and 
the indieeted cyele ¢effielency are shown in Figures 19 

and 21. As the point of autoignition harrens earlier in 
the cycle, 1.@., when the piston is farther from the top 
dead center position, the indicated mean effective pressure 
decreases, For a given compression ratio, however, the 
indicated mean effective pressure is virtually constant. 
This can be expected since the point of autoignition is 
eonstant under tiis condition, 

Bquation (4) states that the indicated efficiency is 
proportional to the ratio of the indicated mean effreetive 
pressure to the product of the iniet density ana the volu- 
metric efficiency. It has been shown that the indicated 
mean effective pressure is constant for a wziven coapression 
ratio over the spewed range investigated, The inlet aensity, 
as computed from Equation (8), varied by only one tenth of 
ene percent over the speed range and therefore can be 
considered constant. Variation in volumetric cfficiency is 


saown in Figure 20, Since the inlet density was constant, 
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the variation in the cylinder density, Sa » would be of the 
game form as the volumetric efficieney curve, ‘The resultant 
indicated efficiency curves are shown in Figure 21. It 

may be noted that the efficiency curves have the Inverse 
eurveture of the volumetric efficiency curves, the ninimun 
indicated effieiency occurring at 1100 rem, the speed at 
which the volumetric efficiency is a maximum. 

The highest indicated efficiency ena indieated mean 
effective pressure are obtained at the lowest conupression 
ratio investigated. Figure 16 shows that under this condi- 
tion the point of autoignition wes experienced closest toa 
tep dead center. Thie is in agreement wita the theory 
stated in the Introduction. ror these conditions it may be 
eonecluded that the indieated cycle efficiency of the total 
detonation eyele is mainly a fumetion of the compression 
ratio. Slight variations of the indicated cycle efficiency 
over the sneed rence may be due to heat transfer effects. 
Seetion lb. Engine operation keeping Ma/n constant. 

For the runs in which the value of Ha/n was held 
eonstant, the general trends of the atart of preLlame 
resetion, its curation, amd the point of autoignition 
were the seme as for the full throc:tle earcitions, From 
Pigure 19 it can be seen that the LnGieated sean effective 
pressure was constent but lowexy tihan the inuscated mean 
efieective pressure for the full throttle run at the corre~- 


sponding compression ratio and inlet teiperature, This was 
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On 
due to the fact that the mass rate of flow of air to the 
eylinder was arbitrarily chosen at a lower value. The 
mass rate of flow of air was set about four pereent lower 
for the throttled run, hence, the indicated mean efrective 
pressure was also about four percent lower. ‘therefore it 
ean be concluded that 1i the masg rate of ilow to the 
cylinder hac been the seme in bpolh runs, the indicated 
mean efliective pressure curves woula Lave coincided. From 
Equetion (3) it cen be seen that for Na/n equel to a constant 
the cylinder density, which is equal te the protuct of 
anc €, would be constant. Therefore, from Tquation (1) 
any chanre in the indicated mean elfeetive pressure would 
pe cue to a change in the indicated cycle efticiency. 
Figure 19 shows that the indiented sean eflective pressure 
was constant for constant Me/n. ‘Therefore the indicated 
efficiency was conatant as can be seen in bPigure 21. 

when the inlet temperature was raised to a hisher 
velus for tnhia type of pun, ine indicated meen effective 
pressure Gecreased, his was aque bo the feet that tre 
indicated cycle efficiency decreased. Ly keeping the 
density of the charge in the cylincer, §,, constant it 
can be seen from Equation (1) that the indicsaied efiiciency 
is the only variable quantity afirecting the value of the 
indicated mean effective pressure, The indicated efr- 
fictency thus Indicated is a direet measure of the 


efficiency of the combustion process undcr these conditions. 
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The higher temperature caused the autoignition point to 
occur farther before top dead center with a resultant 
decrease in indicated efficiency and indicated mean 
effective pressure. 

Figure 21 also shows that the indicated efficiency 
of the runs in which Ma/n was held constant was higher 
than the runs made undér open throttle conditions over 
most of the speed range, Time did not permit further 
study of the effects of temperature, but it may be con- 
cluded from these runs that the inlet temperature of the 
charge is an important factor affecting the indicated 
efficiency of this type of cycle. 

Section 2, Practical engine possibliities, 

The previous section has shown that the maximum ine 
Gicated efficiency and indicated mean effective pressure 
are experienced at a low compression ratio while using 
& low octane fuel. The indicated mean effective pressure 
and indicated efficiency of the total detonation cycle 
are higher than those of an engine of this type operated 
on the conventional spark ignition cycle using current 
automotive fuels (Reference 7). Its ability to use a much 
cheaper fuel speaks in its favor (Reference 8). Manufactur- 
ing costs of such an engine would be less since 1t does not 
require an ignition system or a complicated fuel injection 
system, 


There are some disesdvantages which must also be ¢con- 
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sicered. The en line operating on teis cycle ig viry noisy. 


mh the phigh fr@quency pange and emule 


j— 


Wowéver, the noise 15 
vio doubt be siienced, The results of pigure 2h indicate 

@ limited flexibillty ior emeh an engine while operating 

at varying inlet pressuris since it stwrou detonating 

when the uvressure was reduced to 68 inches of mercury 

below atmospherie. This indicates that load empntrol of 

the engine is probally not ropesible through changing the 

mass rate of tlow of air to the engine by throttling. 

At tpe pregeent itfme tht ¢€ @ré neo avte available es to 
the ability of the various engine parts to stanc up under 
prolonge« operation ™ the total detonation cyele rine 

meine used in these satucles was subjecte. to aprroxnimately 
forty hours of severe detonation witnm no a parent aclttirious 
effects. ‘The result olf this type of operation an engine 
parts coulc only be determinea by long-range enaurance 


testing. 
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AIR FLOW AND VOLUMETRIC EFF'Y 





FIGURE 20 
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FIGURE 22 





VI CONCLUSIONS 


A new photoelectric technique has been applied to the 
study of the total detonation cyele in a single cylinder 
engine. This technique provides a means of determining 
with high precision the times at which the detonation 
events occur in the engine cycle. On the basis of the 
results thus obtainca the following conclusions may be 
arawn: 

1. it should be possible to employ the total deto- 
nation cycle as a practical engine cycle in constant speed 
and load applications. 

2. ‘the total detonation cycle yields higher indi- 
cated cycle efficiency and higher indicated mean errective 
pressure than the conventional spark ignition cycle under 
comparable conditions. 

oe At a given compression ratio the crank angle at 
which the preflame reaction starts does not materially 
influence the crank angle at which autoignition starts, 

4. «at & Given compression ratio the duration of the 
preflame reaction does not materially Influence the crank 
engle at which autoignition starts, 

Oe For a given compression ratio the cranx ungle 
at which sutoignition starts is virtually constant over 


the speed range considered, 
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6. For the range of compression ratios stuuied, 
6.0 to 8.5, the nighest cycle efficiency and indicated 
mean effective pressure were obtained at the lowest 
compression ratio. 

7. Over the range of inlet temperatures investi- 
gated, 170 to 184F, the inlet tempereture has an in- 
portant effect on the indicated evycle efficiency of this 


type of operation. 
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VII FEECOMAINLATIONS ae 

In view of the results of this investigation the 
authors feel that this tyre of cycle warrants further 
study. Sueh study misnt ve profitably be pursued along 
the following lines: 

1. din light of producing a practical engine for 
operation on this cycle, further flexibility tests should 
be made. 

@. invéstigate operation of tine engine using this 
Gyele ovér a wide range of inlet pressure. 

db. A complete etucdy of the effect of varying tne 
temperature of the fuel-air charge at inlét and the com~ 
pression ratio should lead to tie determination of a pre- 
seribed set of operating conditions Shieh woulda produce 
eautoignition at top dead eenter. As borne out by the 
authors! work this is a condition to strive tor in using 
this cycle. 

2. Investigate the use of various other cheap fuels 
Whieh might be employed in this cycle. 

o. A cevelopment stucy shoulée be made Getcrmining 
the effect of prolonged overation on the total aetonation 
cycle upon the various engine parts. Critical perts in- 
elude the piston, piston rings, crankshualt, searings and 


valves. 
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Figure 2da 





Figure 23b 
Photograph of Complete Trace of the Photomultiplier Tube 
Output. 
= 6.0 Toga. +20 
- QO.08 RPM-25a 1000 
PT; 170 RPM-235b 1400 


2; 180 Camera Speed 22 inches/seconé 








Figure 24a 
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Figure 25b 


Photograph of Preflame Reaction. 
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Figure 26a 





Figure 26b 


Photograph of Complete Trace of the Photomultiplier Tube 
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Aw. OPERATIONAL NOTES 


One of the most cifficult problems encountered in 
operating the engine was that of obtaining a satisfactory 
seal around the quarts window. Once a leak developed 
around the edge of the cylinder end of the window the 
gases from the cylinder soon eroded the edge away and 
made it necessary to replace the window and sealing gaskets. 
The best combination of sealing gaskets found by the authors 
wes lead, copper, lead, window, lead, copper, and steel 
reading from the cylinger toward the phototube, When 
starting with a new set of gaskets, the combination was 
made up hand~tight and serewed into the spark plug hole 
in the cylinder wall. as the engine was gradually warmed 
up the holder was kept tight by frequently checking it 
with a small box wrench, During the first few minutes of 
firing the combination heats up and the lead ana cop yer 
gaskets soften cnough to make possible a good tight seal. 
This seal should not be broken before it is neccssary to 
replace the window, since it is difficult to take the 
window out without damaging it further, 

The end of the window facing the combustion chamber 
becomes darkened by the products of combustion after about 
two or three hours of operation, reducing the amount of 
Light picked up by the phototube. This deposit was readily 


removed by placing the window and holder in a lathe and 
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polishing the window with (00 steel wool anu slumina 
powder. to long eas the window wac kent reasonably cleun, 
the preflame r@ection covld be pickec ur on the scope 
using -6€00 to -800 volts potential on tme eutnode of the 
phototube,. 

The socket connections and resistors of the proto- 
multiplier tube were all cover@a with & gus. coating of 
®oil Gope to preduee leakage currents, which smenla not 
exceed 1074 amperes. The completa system was entirely 
shielaed and both ents of the shiclaing on «1l cables 
were conmectec tc ground, 4 mital batt. ty box was used 
to noelé Whe bett@rias, aA 10,000 offm résistor was placed 
between ack pair of batteries to Limit thE cuirent drawn 


oy anyone inedvertently touching the leads. 
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